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Abstract 



The Schwinger-Dyson equations for the nucleon and meson propagators are 
solved self-consistently in an approximation that goes beyond the Hartree- 
Fock approximation. The traditional approach consists in solving the nucleon 
Schwinger-Dyson equation with bare meson propagators and bare meson- 
nucleon vertices; the corrections to the meson propagators are calculated 
using the bare nucleon propagator and bare nucleon-meson vertices. It is 
known that such an approximation scheme produces the appearance of ghost 
poles in the propagators. In this paper the coupled system of Schwinger- 
Dyson equations for the nucleon and the meson propagators are solved self- 
consistently including vertex corrections. The interplay of self-consistency 
and vertex corrections on the ghosts problem is investigated. It is found that 
the self-consistency does not affect significantly the spectral properties of the 
propagators. In particular, it does not affect the appearance of the ghost 
poles in the propagators. 
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I. INTRODUCTION 



The development of relativistic many-body theories for the nucleus is one of the most 
important goals of contemporary nuclear theory. Models based on the methods of relativistic 
quantum field theory have been developed for more than two decades. 

The starting point for understanding the many-nucleon problem is a description of the 
elementary processes in vacuum: the nucleon propagator, meson-nucleon scattering, and the 
N — N interaction. Successes and difficulties with relativistic meson-nucleon field theory 
have been the subject of papers for more than half a century. We will certainly not detail 
the history here, but note that a nagging inconsistency in (almost) all calculations has been 
the appearance of ghost poles. 

Brown, Puff and Wilets for example, calculated the nucleon propagator by summing 
all planar meson diagrams with one nucleon line using 7T-, p-, and cu-mesons. No cutoffs 
were introduced. The renormalized nucleon propagator was well-defined and self-consistent, 
but contained a pair of conjugate complex poles located approximately one GeV off the real 
and imaginary axes. The full propagator, including these unphysical poles, was used with 
some success to describe the isovector nucleon magnetic moment, pi-nucleon scattering 0, 
and nucleon- nucleon scattering ||. (The last did require cut-offs in the N-N interaction, 
but yielded better chi-squared fits to scattering data with fewer parameters than the then 
current Paris potential). The inclusion of the complex poles was essential. Nevertheless, the 
occurence of the complex poles remained an enigma. 

Several interpretations of the appearance of the poles have been proffered, including the 
statement that it is a signal of the inconsistency of any local, relativistic field theory, and 
that a field theory with asymptotic freedom (e.g. QCD) is required. 

The program of the previous section was driven by the interpretation that the appearance 
of the ghosts is an artifact of the approximations, and that progressively better calculations 
should lead to the receding or elimination of the ghosts, but that for consistency one must 
keep the ghosts as they emerge from the calculations at each stage. 

Another interpretation is that it is an effective theory, and that one should be prepared 
to introduce further parameters to ensure physical quantities. 

In a recent paper H, the problem of ghosts poles in the nucleon propagator was inves- 
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tigated. The appearance of the ghost poles is related to the short distance behavior of the 
model interactions [TJ; asymptotically free theories appear to be free of ghost poles ||. An 
interesting possibility to eliminate the complex poles is the regularization of the theory by 
means of vector meson dressing of nucleon-meson vertices. It is known that in a theory with 
neutral vector mesons there are vertex corrections that generate a strongly damped vertex 
function in the ultraviolet 0. In quantum electrodynamics, such corrections give rise to 
the Sudakov form factor [7[|. When the Sudakov form factor, generated by massive vector 
mesons, is included in the HF approximation to the Schwinger-Dyson equation (SDE) for the 
nucleon propagator, the ghost poles disappear. A similar result was obtained by Allendes 
and Serot M earlier in the study of the ghost pole in the meson propagator. Those authors 
concluded that the Sudakov corrected propagator is free of ghost poles. 

It is the purpose of the present paper to solve self-consistent ly the coupled system of 
Schwinger-Dyson equations (SDE) for the nucleon and meson propagators and investigate 
the role of self-consistentency on the appearance of ghost poles in the propagators. Vertex 
corrections are introduced by means of form factors. 

There is an extensive literature on calculations of nuclear matter and finite nuclei prop- 
erties based on the Walecka scalar- vector model |J. In general, the applications have been 
performed using Hartree-Fock(HF) type of approximations. In a relativistic HF approxima- 
tion, the single-nucleon propagator is calculated by solving self-consistently the (SDE) using 
bare meson propagators and bare meson-nucleon vertices. An additional approximation has 
been the neglect of the quantum vacuum of the nucleon propagator. The corrections to 
the meson propagators are usually calculated considering the vacuum polarization correc- 
tion using nucleon propagators with an effective mass. Although the nucleon propagator is 
solved self-consistently by means of the SDE, the self-consistency is only partial, since the 
meson propagators used are the bare ones. The meson propagators satisfy their own SDE, 
which require for their solution the nucleon propagator. A self-consistent solution requires 
the consideration of the coupled system of nucleon and meson SDE's. 

Besides the lack of self-consistency, the neglect of the quantum vacuum in the nucleon 
sector is a major limitation. It is exactly the nontrivial nature of the vacuum of a relativistic 
quantum field theory that motivates the introduction of models which go beyond the usual 
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nonrelativistic approach. However, severe difficulties arise in including the vacuum effects 
beyond the one-loop Hartree approximation. The inclusion of these vacuum corrections leads 
to catastrophic results due to the presence of the ghost poles in the propagators. Among 
other things, the ghosts lead to a large imaginary part to the nuclear matter energy. 

The paper is organized as follows. In section II we present the model for the interacting 
nucleon-meson system. We briefly review the spectral representation of the propagators 
and their inverses and discuss the renormalization procedure. In section III we discuss the 
coupled system of Schwinger-Dyson equations for the nucleon and meson propagators in 
terms of their spectral representations. Section IV presents the method of solution of the 
equations and presents our numerical results. Conclusions are presented in section V. 

II. THE MODEL 

In this paper we consider a model field theory with nucleons (tp), pions (7?), and vector 
isoscalar mesons (uj). The model Lagrangian density is 

where = d»uj v - d v uj». 

As usual, the nucleon propagator is defined by 

G af3 (x' -x) = -i< Om a (x')MxW > , (2) 

where |0 > represents the physical vacuum state. The n- and u;-meson propagators are 
defined respectively by 

D l J(x' -x) = -i< Q\T[it\x')ix j (x)]\$ > , (3) 

and 

D^(x' -x) = -i< 0|T[c^VK(z)]|0 > • (4) 

The Schwinger-Dyson equations for the nucleon and meson propagators in momentum 
space are given by the following expressions, Fig. 1, 
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(a) nucleon: 

g(p) = g^( p ) + g^(p)j:(p)G(p), 



(5) 



S(p) = -3ig^ y yJ^Ts^U^Mp - g)r 5 (p - g, p; g) 



(27T) 
(27T) 



+ iflL / T^T^VMp - g)r,(p - g) , (6) 



(b) pion: 



W) = D^ 3 tf) + (g 2 )Z% 2 ) , (7) 

L™(g 2 ) = ig 2 0n J ^Tr[ 75 r' ; G(p)ri(p,p + g; g)G(p + q)] . (8) 



(c) omega: 



D» v {q 2 ) = D^\q 2 ) + D?® {<?)£>? (g 2 ) , (9) 

IC (<? 2 ) = -«flgL / ^Tr[ 7 ^(p)r^(p,p + g; g)G(p + g)] . (10) 

In the above equations, T l 5 (p, p+g; g) and r^(p, p+g; g) are the three-point 7r-nucleon and 
cj-nucleon vertex functions, respectively. They satisfy their own Schwinger-Dyson equations. 
These relate the three-point functions to four-point vertices and so on ad infinitun. In 
practice one has to truncate this infinite set. In this paper we truncate the SDE's by 
postulating a specific form for the three-point functions (see below). 

Next, we discuss the spectral representations of the propagators and their inverses. We 
do not intend to review the subject of spectral representations, we simply make use of the 



relevant equations for the purposes of the present paper. We refer the reader to Refs. |TT - 
|T2| for an extensive discussion on the subject. Let us start with the nucleon propagator. 
The spectral representation of the nucleon propagator (in momentum space) can be written 

as 

G(p)= F°dK , A{K ]. ■ (11) 
j-oo p — k + ie 
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A(k) is the spectral function. It represents the probability that a state of mass \k\ is created 
by ip or ip, and as such it must be non-negative. Negative k corresponds to states with 
opposite parity to the nucleon. 

Defining the projection operators 

P ±(P) = J(l ± Pi , (12) 



2 \ W r , 



where 



> , Vp 2 , if P 2 >o 
w p = y P — \ (13) 
W~p 2 , if p < o, 

can be rewritten conveniently as 

G(p) = P + (p)G(iD p + ie) + P_(p)G(-w p - ze) , (14) 

where G(z), z = ±(u> p + ie), is given by the dispersion integral 

G(z) = f + °° dK^- . (15) 

The inverse of the propagator can also be written in terms of the projection operators P±(p) 
as 

G-\p) = P + {p)G-\w p + ie) + P_{p)G-\-w p - ie) . (16) 

Since A(k) is supposed to be non-negative, it is simple to show that G(z) can have 
no poles or zeros off the real axis. This is known as the Herglotz property. Now, if G(z) 
possesses the Herglotz property, then so does Gr (2). This permits us to write a spectral 
representation for G^{z), 

G^iz) = z-M -t(z) 

= z - M - / + °° dK^- . (17) 

J— oc Z — K 

The function £(2) is related to the £(<?) of Eq. (0) by the projection operators P±(q) as in 
Eq. ([TBI ). If T(k) is non-negative, the Herglotz property is also satisfied for G~ x (z). 

In general, the integral in Eq. ( |TTD needs renormalization. The usual mass and wave- 
function renormalizations are performed by imposing the condition that the renormalized 



propagator has a pole at the physical nucleoli mass M, with unit residue. This implies that 
the renormalized propagator G R (z), defined as 



G R (z) = G{z)/Z 2 



(18) 



is given by the following expression: 

G R (z) 

The renormalized inverse is given by 



"in*!® 



—oo Z — K 



(19) 



G R 1 (z) = (z-M) 



l-(z-M) 



(20) 



(k-M) 2 (z-k) 

In the above expressions, A r (k) = A{K)jZi and T r (k) = Z 2 T(k). In terms of renormalized 
quantities, Z 2 can be written as 



7 i r°°j Tr ^ 



/+oo 
dKA R (n) 
-oo 

The spectral functions A r (k) and T r (k) are related by 

A r (k) = 5(k - M) + \G r \k(1 + te))\~ 2 T R (K) 
= 5(k — M) + A r (k) . 



(21) 
(22) 



(23) 
(24) 



Let us now consider the spectral representations of the meson propagators. The isospin 
structure of the 7r-meson propagator is such that D l ^(q 2 ) = 5 t: >D n (q 2 ). For D n (q 2 ) one can 
write the spectral representation 

v 2\ 



Ar(z) = / 

Jo 



X da 2 ^ 



z — a 



2 - 



(25) 



where p^cr 2 ) is the pion spectral function. It represents the probability that a state of 
mass a/o 2 " is created by the pion field and as such it must be non-negative. The meaning 
of the complex variable z is that the physical propagator D^q 2 ) is the limit of D^z) when 
z — » q 2 + ie. 

Using the SDE for the pion, Eq. (|7|), the inverse of D^{z) can be written in terms of the 
pion self-energy II(z) as 



S 



D-\z) = z-ml 2 -Yi v {z). 



(26) 



Similarly to the case of the nucleoli, one can write a spectral representation for D n 1 (z) 



DzHz) 



z — m° — / da' 
Jo 



(27) 



Z — <T 

The renormalized propagator is again obtained by fixing the pole position at the physical 
mass, and the residue at the pole equal to one. The renormalized propagator D nR (z), defined 
as 



D nR (z) = D w (z)/Z 37T , 



(28) 



is then 



D nR (z) 



J 

Jo 



z — a 



2 ' 



(29) 



Its inverse is given by 

D~k(z) = (z- ml) 



[z — m 



Jo 



da 2 



S vR (a 2 ) 



{a 2 — m 2 ) 2 (z — a 2 ) 

The renormalized spectral functions are defined as p-nn^a 2 ) = Pw(°' 2 ) I Z 3lT and S nR (a 2 ) 
Z^S^ia 2 ). 

In terms of the renormalized quantities, Z 37r is given by 



(30) 



j 3tt 



-L 



da 



o (a 2 — m 2 y< 



/ da 2 p^ R (a 2 
Jo 



(31) 
(32) 



The spectral functions p nR and S nR are related by 

P MQ 2 ) = KQ 2 -ml) + \D- R \ 2 SMq 2 ) 

= 5(q 2 -ml) +pirR(q 2 ) ■ 



(33) 
(34) 



Let us now consider the u;-meson propagator. Since the baryon current is conserved the 
u;-meson self-energy (q 2 ), must satisfy 



q^{q 2 ) = qJUZtf) = . 



(35) 



Therefore, the Lorentz structure of Tl£ u must be 

K u (q 2 ) = (iT - fflf) n.(g 2 ) - (36) 

Substituting this in the SDE for cu-meson propagator, Eq. (Q), D% u (q 2 ) can be written 



as 



WW) = -sTD»tf) , (37) 

where 

W ^ ^ q 2 - - IL(g 2 ) + it ^ ^ 



Terms proportional to q^q v in Eq. (|37|) can be neglected when using D£ u in Eq. (g), because 
of current conservation. 

The spectral representation of D u is 



A,(z) = / da 2 . (39) 

Jo z — a 1 

As in the case of the pion, one can write the Cauchy representation for the inverse of the 
o;-meson propagator as 



D Z \z) = z-nt 2 - r d a 2 ^l. (40) 

Jo z — a 

Renormalization proceeds as for the pion. The renormalized quantities are given by 
expressions similar to the ones for the pion, Eqs. (|29] , |30| , [3^ , p4|) , with the n indices 
replaced by uj indices. 

III. SCHWINGER-DYSON EQUATIONS 

We start with the nucleon SDE, Eq. ([5|). It can be written as 

G-\p)=G-\p)-nv) , (41) 

where is given by Eq. @. To proceed, we need to specify the form of the vertex 

functions T\(p,p + q; q) and T^(p,p + q; q). In the usual HF approximation, Y\ ) {p ) p + q; q) = 
T %, j5, and r M (p, p + q;q) = 7^. In this paper we consider vertex functions written as 
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r l 5 (pi,P2;g) = r l 7 5 F 5 (pi,P2;g) 
r M (pi,p 2 ;g) =YF v ( Pl ,p 2 ;q) , 



(42) 
(43) 



where -p5(pi,P2;?) and Fy(pi,P2]q) are scalar functions. 

Substituting Eqs. ( f42| , f4"3"l) and the spectral representations for G(q), and D u in the 
integral for £(g), Eq. (^), and applying the projection operators P±{p) to Eq. (fHD, one 
obtains: 



+00 



(44) 



where K(k,k') is given by 



«') = /c'; ml) + 2K w (k, k'; ml) 

poo poo 

+ da 2 p 7TR (a 2 )K 7T (K,K , ;a 2 ) + 2 da 2 p uR (a 2 )K u ( K , «'; a 2 ) . (45) 
jo Jo 



K w (k, k'; m 2 ) and K^i^n, k'\ m?) are respectively the 7r-nucleon and w-nucleon scattering ker- 
nels 

2 



/^(/c, fi/;m 2 ) = 3 (^\ 



k 4 — 2k 2 (k' 2 + m 2 ) + (k' z — m 



' 2 ™2\2 



1/2 



X 



2\k\ 3 



(k - k') 2 - m 2 l #(/t 2 - (|k'| + m) 2 )F 5 (/t, m) 



(46) 



and 



/^(/c, K,';m 2 ) 



9uA 
4tt/ 
1 



/€ 4 -2/€ 2 (/t ,2 + m 2 ) + (/t ,z -m 2 ) 



' 2 ™2n2 



1/2 



2|«| 



(k - k') 2 - 2kk' - m 2 ] 6(k 2 - (|k'| + m) 2 )F v {K, k'; m) . (47) 



P-kr{& 2 ) is related to S n R as shown in Eqs. fl33[ - |3~4]) (similarly for Pujr((J 2 ))- 

The meson self-energies, S^R^q 2 ) and S u} R(q 2 ), are obtained using the spectral represen- 
tation of the nucleon propagator in Eqs. (|| [0D- S n n(q 2 ) is given by: 



^(g 2 ) = S 7r (M,M;g 2 ) 

/oo _ 
dfvAji^S^M, k; q 2 ) 
-oo 

/oo _ _ 

cIkcIk' Ar(k)Ar{k') Sk(k, k'\ q 2 ) 
-00 

where A(k) is defined in Eq. (|24]) , and 



(48) 
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'A 

4vr 2 



[K — K 



r\2 



xQ(q 2 -(\K\ + W\) 2 )F 5 (K,K> ]q ) 



(49) 



with gl = Z 2 g 07T and g% = Z 2 g 0u3 . 

For the a;- meson, we have the same expression as in Eq. (f48"D, with the indice 7r replaced 
by oj and 



S u (k, n;q) 



[K — K 



l\2 



— + ^iq 4 -2q 2 (K 2 + K> 2 ) + (K 2 -K> 2 ) 2 } 



x [q A - 2gV + fv ) + (/? - w ) ] ^ ©(g - (|«| + \k'\) 2 )F v (k, «'; q) . (50) 



IV. NUMERICAL RESULTS 

The problem now consists in finding A r (k), Pt T r{o' 2 ), and Pujr{.& 2 )- The strategy adopted 
is to solve the equations by iteration; it proceeds as follows: 

1) start solving for A R with the bare 7r and uj propagators (p nR = p^R = 0). This is the usual 
Hartree-Fock solution for the nucleon propagator including vertex corrections by means of 
the form factors of Eqs. fl4|, H 1; 

2) with this A R , obtain S RlT (q 2 ) and S^q 2 ) with Eq. fl48|); 

3) then use Eq. fl3"4] ) to obtain p wR and similarly p wR) 

4) use these p nR and to obtain new K(k, k'); 

5) with this K(k, k'), solve for A R , go back to 2), and cycle to convergence. 

Initially we considered bare vertices: F 5 (pi,p 2 ,q) = Fy(pi,P2,q) = 1, and investigated 
the role of the self-consistency on the spectral functions. We used the following values for 
the coupling constants and masses: 

-^ = 14.6 m n = 0.144 M (51) 

An 

q 2 

= 6.36 m w = 0.833 M , (52) 

47T 

where M is the nucleon mass. 

The converged spectral functions A R , p vR) and p ujR are shown (without the delta func- 
tions) in Figs. 2-4. The solid (dashed) lines represent the self-consistent (not self-consistent) 
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solutions. The self-consistency does not affect the fermion spectral function perceptively, 
but it affects the meson functions, although not very importantly. It is interesting to note 
that the effect of the self-consistency is opposite in p nR and p^R] it increases the former and 
decreases the last. 

The role of the self-consistency on the appearance of ghost poles is shown in Table 1. 
The not self-consistent meson spectral functions are the ones obtained by calculating the 
nucleon loop in Figs. 1(b), 1(c) using the bare nucleon propagators (A R = 0), i.e., these are 
the first order perturbative spectral functions. Clearly, the self-consistency does not change 
much the position of the poles and residues of the nucleon propagator, although it changes 
somewhat the ones of the meson propagators. 

As discussed in Refs. 0,0, the signal for the presence of ghosts in the nucleon propaga- 
tor is revealed by the fact that the renormalization constant Z 2 calculated via the spectral 
function of the nucleon self-energy, T R (n), gives Z 2 = —00. From this result one should have 
Z 2 X = 0. However, in order to get the integral of A R equal to zero (see Eq. (j22|)) one has 
then to include the pair of complex conjugated poles in G R (the real parts of the residues 
are negative (see Table 1)). In the case of the renormalization constants of the it and uo 
mesons, we obtain exactly the same result: the Z 3 's calculated via the spectral function 
of the self-energy, S R , gives Z% — ► —00, whereas to obtain zero for the integral over the 
spectral function of the propagator, p R , the residue of the ghost pole has to be included. 

In Ref . H , the problem of ghosts poles in the nucleon propagator was investigated using 
form factors at the nucleon-meson vertices. Two types of form factors were used: (a) a 
Sudakov form factor, which is generated by vector meson dressing of the vertices and (b) a 
phenomenological form factor, of the monopole type. The conclusion there was that both 
types of form factors are able to kill the ghosts. However, as remarked in that reference, a 
proper extension of the Sudakov form factor to lower momenta is necessary for a better study 
of these issues. In this paper we use only the simple monopole form factor to investigate the 
interplay of self-consistency and vertex corrections on the spectral functions. As in Ref. [|J, 
we use for F 5 (pi,p 2 ,q) and F v (pi,p 2 ,q) the following expressions: 

F 5 ( Pl ,p 2 , q ) = F v ( Pl ,p 2 , q ) = 1 + J, /A2| 1 + J 2/A2| TTWM ' (53) 

where A is an ultraviolet cuttoff. 
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The modifications on the spectral functions due to the form factors can be seen in 
Figs. 5-7, where we plotted A R , p nR , and p wR (again without the delta functions) for two 
typical values of cutoffs, A = M (solid), 1.25 M (long-dashed). The (short-dashed) curves 
correspond to the case of A = oo. The effect of the form factor is to increase Ar(k) for 
negative k, a result already found in M, and to increase (decrease) p R7T {paJ). In Ref. 
@], it was found that for a A < A crit « 1.75 M the ghost poles in the nucleon propagator 
disappear. In the present case, we found that the self-consistency does not alter significantly 
this value; for A < 1.60 M, the ghosts of all propagators disappear. 

We have also investigated the effect of the self-consistency on the ghosts-free spectral 
functions, i.e. for several A's smaller than A crit , we compared the self-consistent and not 
self-consistent spectral functions. Surprisingly, the effect of the self-consistency is neglegible, 
and is almost invisible when one plots the spectral functions. 

Although on physical grounds one expects that the cutoffs for the 7r and to vertices have 
different values, we used the same value for both, since in this work we are mostly interested 
in the qualitative effects. The consequences of the modifications induced by the form factors 
on physical observables deserves a separate study. Work in this direction is in progress. 

V. CONCLUSIONS AND PERSPECTIVES 

In this paper we have solved self-consistently the coupled set of Schwinger-Dyson equa- 
tions for the nucleon and it and u mesons in the vacuum. The set of equations was truncated 
by postulating a three-point meson-nucleon vertex function. The understanding of the vac- 
uun properties of the nucleon and meson propagators is a necessary first step towards the 
study of the properties of nucleon and meson in nuclear matter, as well as those of nuclear 
matter and finite nuclei. Although many of such properties have been studied using rel- 
ativistic quantum field models, the vacuun polarization effects in medium have invariably 
been neglected. 

The main conclusion of our investigation is the surprising result that the self-consistency 
does not modify significantly the spectral properties of the propagators. The appearance or 
disappearance of the ghost poles in the propagators is not affected by the self-consistency. 

One important aspect regarding the vacuum of meson-nucleon effective theories that 
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was not yet satisfactorily investigated is the role of the three-point meson-nucleon vertex 
functions. In particular, the interplay of the infrared and ultraviolet sectors of the tu-nucleon 
three-point vertice is extremely important to the problem of ghosts poles, as shown in the 
recent studies of Refs. ( 0, [|J). Work in this direction is in progress. 

The effects of the self-consistency on the nucleon and meson propagators in nuclear 
matter, in connections to the problem of ghost poles remains an open problem, although 
work in this direction has recently been communicated [ |T3|j . 

VI. ACKNOWLEDGEMENTS 

The work of MEB, AE and GK was partially supported by the Brazilian agencies CNPq 
and FAPESP. The work of LW was partially supported by the U.S. Department of Energy. 



15 



REFERENCES 



[1] W.D. Brown, R.D. Puff and L. Wilets, Phys. Rev. C 2, 331(1970). 
[2] W.T. Nutt and L. Wilets, Phys. Rev. D 11, 110(1975). 
[3] W.T. Nutt, Ann. Phys. (NY) 100, 490(1976). 

[4] G. Krein, M. Nielsen, R.D. Puff and L. Wilets, to appear in Phys. Rev. C. 

[5] R.J. Perry, Phys. Lett. 199B, 489(1987); T.D. Cohen, M.K. Banerjee and C.-Y. Ren, 
Phys. Rev. C 36, 1653(1987); K. Wehrberger, R. Wittman and B.D. Serot, Phys. Rev. 
C42, 2680(1990). 

[6] G.E. Brown and A.D. Jackson, The Nucleon-Nucleon Interaction (north-Holland, Am- 
sterdam, 1976); J. Milana, Phys. Rev. C44, 527(1991). 

[7] V.V. Sudakov, Sov. Phys. JETP 3, 65(1956). 

[8] M.P Allendes and B.D. Serot, Phys. Rev. C45, 2975(1992). 

[9] J.D. Walecka, Ann. Phys. (N.Y.) 83,491(1974); L.S. Celenza and CM. Shakin, Rela- 
tivists nuclear physics: Theories of structure and scattering (World Scientific, 1986). 

[10] S.S. Schweber, An Introduction to Relativistic Quantum Field Theory (Harper & Row, 
Publ, New York, 1962). 

[11] P. Roman, Introduction to Quantum Field Theory (John Wiley & Sons, Inc., New York, 
1969). 

[12] L. Wilets, "Mesons in Nuclei", ed. M. Rho and D. Wilkinson (North-Holland, Amster- 
dam, 1979). 

[13] C.L. Korpa, Communication presented at the International Workshop of Gross Proper- 
ties of Nuclei and Excitations XXI", January 1993, Hirschegg, Austria. 



16 



FIGURES 



FIG. 1. Diagrammatic representation of the Schwinger- Dyson equations for the full 
(a)nucleon, (b)pion, and (c)omega propagators. The solid, wavy and dashed lines repre- 
sent respectively the nucleon, the u, and the ir. The blobs represent full propagators and 
vertices. 

FIG. 2. Self-consistent (solid) and not self-consistent (dashed ) nucleon spectral function 
A r (k). k is in units of the nucleo n mass M and A r (k) is in units of M -1 . The curves are 
multiplied by 5 for negative k. 

FIG. 3. Self-consistent (solid) and not self-consistent (dashed) 7r spectral function p n n(<J 2 ). 
a 2 is in units of M 2 and p w r(<7 2 ) is in units of M~ 2 . 

FIG. 4. Self-consistent (solid) and not self-consistent (dashed) u spectral function PuR^cr 2 )- 
The units are the same as in Fig. 3. 

FIG. 5. A r (k) for different values of the cutoff: A = M (solid), 1.25 M (long-dashed), oo 
(short-dashed). Units are the same as in Fig. 2. The short-dashed curve is multiplied by 5 
for negative k. 

FIG. 6. PnRicr 2 ) for same A's as in Fig. 5. Units are the same as in Fig. 3. 
FIG. 7. Same as in Fig. 6 for p^R^a 2 ). 
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TABLES 

TABLE I. Ghost poles. The first value is the pole position and the second is the residue at the 
pole. The nucleon poles are in units of M and of the mesons are in units of M 2 . 



Self-consistent 



Not self-consistent 



N 



7T 



1.06 ± 1.25i 
-1.04 
-3.50 



- 0.77±0.20i 

- 1.08 

- 1.30 



1.05 ± 1.26* 
-1.44 
-5.68 



- 0.77 ± 0.20i 

- 1.13 

- 1.49 
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